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Use of apoptosis inducing agents in the j 



treatment of (auto) immune diseases . 

The present invention relates to the field of therapies 
based on molecular biology. The invention further relates 
to diagnosis of the risk of future disease. More in 
particular the invention relates to the field of 
5 treatment and risk diagnosis of (auto) immune diseases 
and/or inflammatory disorders. Where in this 
specification reference is made to either, the other 
should be included unless expressly excluded. The 
invention also relates to induction of apoptosis in 
10 certain cells associated with or related to (auto) immune 
diseases . 

Autoimmune diseases are a group of severe diseases 
which are characterized by inflammatory disorders, such 
as Crohn's disease, chronic pancreatitis, some forms of 

15 diabetes, ulcerative colitis and rheumatoid arthritis 

(Bischoff et al . , 1996; Firestein, 1995, 1998; Liblau et 
al., 1995). As one of the main representatives of this 
family of diseases, we will describe Rheumatoid arthritis 
<RA) in greater detail as representative of the 

20 applications of the present invention. 

RA affects the joints but also other organs. The disease 
affects 1-2% of the adult population worldwide. Women are 
more frequently affected than men in a sex ratio of 3:1. 
The clinical spectrum as well as the course of the 

25 disease varies considerably. In a mild disease the joint 
inflammation may be present for a limited period of time 
and the joint destruction may not occur. This pattern is 
relatively rare. Most patients have continuously high or 
varying levels of disease activity. This is associated 

30 with a worse outcome of the disease with respect to 
disability and joint destruction (Van Zeben et al., 
1994) . 

RA is associated with an increased risk of mortality 
(Wolfe, 1990) . Joint destruction starts early in RA. The 
35 highest rate of erosion formation seems to be during the 
first 2 years after RA onset. Recently, evidence was 
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provided that the following years a continuous 
progression of erosions will take place (Sharp et al., 
1991; Van der Heijde et al., 1992). 

The etiology of RA remains unresolved, although the 
pathophysiology of RA is a dynamic area of research 
(Breedveld, 1998) . A simple scheme explaining this 
dramatic disease is that the inflammation and tissue 
destruction is initiated by the influx of lymphocytes 
into the synovium. They stimulate plasma cells, mast 
cells, macrophages and especially f ibroblast-like 
synoviocytes to produce inflammatory mediators such as 
tumor necrosis factor-alpha and interleukin 1. These 
mediators can induce matrix degrading activities that 
eventually lead to joint destruction. These activities 
include the activation of f ibroblast-like synoviocytes 
to produce collagenase, the induction of bone and 
cartilage resorption, and the increased expression of 
chemokines and of adhesion and HLA molecules, all of 
which lead to further stimulation of the immune response 
or to further influx of cells into the joint space 
(Breedveld, 1998) . 

Recently, data has been provided that FLS are 
irreversibly altered in RA and that an autonomous process 
allows them to remain activated even after removal from 
the articular inflammatory milieu. The cells continue to 
migrate and invade without additional exogenous 
stimulation, although reduced in comparison to the 
stimulated situation (Firestein, 1995) . While cell 
division is one possible mechanism of FLS accumulation, 
evidence of profligate cell division and DNA synthesis in 
the intimal lining is scant. The present invention 
discloses that inducing apoptosis in these cells is 
useful in combating the effects of the disease. 
If proliferation is, in fact, relatively low, then 
abnormalities in the rate of cell death may contribute to 
lining hyperplasia in synovitis. The extent of apoptosis 
in rheumatoid synovium has only recently been examined 
(Firestein et al . , 1995, 1995a). Apoptosis is 
characterized by shrinkage of cells, segmentation by 
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shrinkage of cells, segmentation of the nucleus, 
condensation and cleavage of DNA into domain-sized 
fragments, in most cells followed by internucleosomal 
degradation. Finally, the apoptotic cells fragment into 
5 membrane -enclosed apoptotic bodies, which are rapidly 
phagocytosed by neighboring cells. Therefore, apoptosis 
causes much less destruction of tissue than necrosis, the 
non-physiological type of cell death. (Wyllie et al . , 
1980; Arends and Wyllie, 1991) . 
0 Although, the mechanism of abnormal reduced apoptosis in 
RA has not been fully elucidated, a prominent role of 
defective p53 function seems to be involved with 
synoviocyte survival and death (Conway et al . , 1995). 
Mountz et al . (1994) have reported that defective 
apoptosis is related with other autoimmune diseases such 
as systemic lupus erythematous, vasculitis syndromes, 
Behcet's diseases, and inflammatory bowel disease. 
Therefore, accorsing to the present invnetion a 
therapeutic approach for curing RA and other (auto) immune 
diseases will be to circumvent the apoptotic block in 
such cells by inducing an (alternative) apoptotic 
pathway. 

The invention therefor provides use of an apoptosis 
inducing agent in the preparation of a medicament for the 
treatment of inflammatory disorders and/or immune 
diseases. In particular the invention provides the use of 
an apoptosis inducing agent in the preparation of a 
medicament for the treatment of autoimmune diseases. The 
damage in all of the disorders/diseases mentioned above 
usually involves damage caused directly or indirectly by 
a certain subset of cells (such as FLS in RA) which are 
in some way out of control (excessive proliferation or 
other activity, or lack of regulated cell death, or 
necrosis or the like) . It is therefor useful to be able 
to induce apoptosis in such a subset of cells by 
providing such cells with an apoptosis inducing agent. 
Apoptosis is preferable to necrotic cell death, because 
it leads to less breakdown products, see above. Any 
manner in which the target cells can be provided with 
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apoptotic activity is useful according to the present 
invention. It is however preferred that the apoptotic 
activity is provided by a proteinaceous substance which 
is encoded by a gene, delivered to the target cell by a 
gene delivery vehicle. A gene delivery vehicle is defined 
herein as any vehicle capable of delivering a gene to a 
cell, be it of viral or non- viral origin. The gene should 
be delivered in such a manner that it can be functionally 
expressed in the target cell. 

The pharmaceutical formulation of the apoptosis inducing 
agent or the gene delivery vehicle will be similar to 
pharmaceutical formulations for other agents for inducing 
cell death for a certain population of target cells. For 
gene delivery vehicles, such as adenoviruses many 
formulations for delivering genes to certain numbers of 
cells have already been disclosed by many others and 
therefor such formulations need no further elaboration 
here. Other formulations for other gene delivery vehicles 
can be put together analogously or as described in the 
relevant art . 

In order to be able to switch off any unwanted effects of 
the gene delivery vehicles according to the invention, it 
is preferred to add a suicide gene to its genetic 
information. Thus the invention also provides a use 
wherein said gene delivery vehicle further comprises a 
suicide gene. It is of course preferred that said gene is 
under control of an inducible promoter. Known suicide 
genes include genes encoding thymidine kinases or other 
cytotoxic proteinaceous substances. 

In order to further reduce unwanted effects of the 
gene delivery vehicles according toi the invention it is 
preferred that the gene delivery vehicle has (or is 
provided with) a tropism for its target cells, meaning 
that it has a higher binding and/or entering affinity for 
the target cells than for other cells. This can simply be 
achieved by selecting a gene delivery vehicle that has 
such a tropism, or by providing a delivery vehicle with 
such a tropism from an organism or substance that has an 
enhanced affinity for the target cell. If none such an 
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organism or substance is available, it can be provided 
through phage display screening of random sequences 
having affinity for the target cells or other screening 
techniques. If a gene delivery vehicle is provided with 
5 tropism for a different target cell than its original 
tropism, this is often referred to as targeted gene 
therapy. Thus the invention also provides 
a use according to the invention, wherein said gene 
delivery vehicle has a tropism for hematopoietic cells, 

10 or preferably for fibroblast- like synoviocytes. In the 

alternative the invention provides a use according to the 
invention wherein said gene delivery vehicle has been 
provided with a targeting means, especially a targetting 
means for fibroblast- like synoviocytes. A preferred gene 

15 delivery vehicle according to the invention is a 

recombinant adenovirus. Recombinant adenoviruses are well 
known in the field of gene therapy anhd need no further 
elaboration here. Safe ways to produce and use them have 
been disclosed in numerous publications. 

20 The preferred apoptosis inducing agent according to 

the invention is apoptin or a functional fragment, 
derivative or equivalent thereof. Apoptin is a protein 
derived from a chicken anemia virus and will be discussed 
in more detail below. A functional derivative includes a 

25 protein in which a number of amino acid residues have 
been modified or added without affecting the activity 
(meaning that it still induces apoptosis, albeit to 
another extent (higher or lower) ) . The same of course 
goes for fragments or combinations of fragments with 

30 derivatizations . Functional equivalents are counterparts 
of apoptin (chicken anemia virus protein 3) in other 
organisms. A very important advantage of apoptin over 
other apoptosis inducing agents is that it does not 
display its activity to any significant extent in normal 

35 cells, whereas the present invention shows that it does 

exhibit its effect in the aberrant cells involved with or 
related to (auto) immune diseases. 

It is also preferred that apoptin expression be made 
inducible . 
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The invention further provides a test for the 
likelihood of cells to become aberrant in the manner of 
(auto) immune diseases. This test involves providing 
cells suspected of being able to become aberrant with 
5 apoptotic activity, such as a gene encoding apoptin or a 
derivative or fragment thereof, and thereafter subjecting 
said cells to stress, such as osmotic stress, heat shock, 
infectious stress, UV, etc. Cells which are aberrancy 
prone, will go into apoptosis following this treatment. 
10 Cells not having that potency will be mostly unaffected. 
Thus the likelihood of an individual for future (auto) 
immune diseases can be examined. 

Detailed description. 

15 

In vitro, synthesis of the chicken anemia virus 
(CAV) -derived protein apoptin, in chicken transformed 
cells, results in induction of apoptosis (Noteborn et 
al., 1994; Noteborn and Koch, 1995; Noteborn et al . , 

20 Noteborn and Van der Eb, 1998) . Apoptin is a small 
protein, only 121 amino acids long, which is rather 
basic, and rich with prolines, serines and threonines 
(Noteborn et al., 1991). 

Apoptin, and other proteins with apoptin- like 

25 activity, can also induce apoptosis in human malignant 
and transformed cell lines, but not in non- transformed 
human cells {Danen-Van Oorschot et al., 1997; Noteborn et 
al., 1998a). We have established that apoptin- induced 
apoptosis occurs in the absence of functional p53 (Zhuang 

30 et al./ 1995a), and cannot be blocked by Bcl-2, Bcr-Abl 
(Zhuang et al . , 1995; 1995b), the Bcl-2-associating 
protein BAG- 1 and the cow-pox protein CrmA (Noteborn, 
1996; Danen-Van Oorschot et al., 1997a; Danen-Van 
Oorschot et al . , 1998) . 

35 In vitro, apoptin fails to induce apoptosis in normal 
diploid lymphoid, dermal, epidermal, endothelial, or 
smooth muscle cells. However, when normal cells co- 
express apoptin and a transforming protein, such as SV40 
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Large T antigen, the cells will undergo apoptosis. These 
data indicate that apopt in- induced apoptosis will also 
take place under non-established tumorigenic situations 
(Noteborn et al . , 1998b). In the analyzed transformed 
5 cells, which all undergo apopt in- induced apoptosis, 

apoptin is located within the cellular nucleus (Noteborn 
et al., 1998). In contrast, Apoptin was found 
predominantly in the cytoplasm of normal non- transformed 
cells (Danen-van Oorschot, 1997) . However, co-expression 

10 with a transforming protein enables apoptin to be present 
in the nucleus, resulting in the induction of apoptosis 
(Noteborn et al. , 1998a) . Apoptin does not induce 
apoptosis, and is not localized in the nucleus of 
fibroblasts derived from cancer-prone individuals. 

15 However, after UV- irradiation (causing an aberrant SOS 
response in these cells resembling a transient 
transforming state) apoptin can induce apoptosis in these 
cells (Zhang et al, 1999) . On the other hand, fibroblasts 
from healthy individuals did not respond to apoptin- 

20 induced apoptosis upon UV treatment. This illustrates 

that a predisposition is necessary, which upon induction 
will activate apoptin. 

Recently, Noteborn and Pietersen (1998) have described 
the generation and characterization of an apoptin- 

25 expressing adenoviral vector AdMLPvp3 . This vector allows 
an efficient synthesis of apoptin in vitro as well as in 
vivo. They demonstrated that Apoptin maintains its 
specificity for tumorigenic/transf ormed cells when 
introduced and expressed by an adenoviral vector. 

3 0 Experiments in rats demonstrated that AdMLPvp3 could be 
safely administered by e.g. intravenous injection. 
Repeated intravenous doses of AdMLPvp3 were also well 
tolerated, indicating that the apoptin-expressing virus 
can be administered without severe adverse effects. These 

3 5 results are strengthened by the fact that transgenic mice 
were generated, which produce apoptin in a large number 
of their cells (Noteborn and Zhang, 1998) . A single 
intratumoral injection of AdMLPvp3 into a xenogeneic 
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tumor resulted in a significant reduction of tumor growth 
(Pietersen et al., 1999). 

The intrinsic specificity and the inherent low toxicity 
make apoptin- synthesizing adenovirus vectors promising 
5 tools for the treatment of solid tumors. 

The invention in one embodiment now provides a gene 
therapy, which enables using the features of the 
apoptosis-inducing protein apoptin, or other proteins 
with apoptin- like activity, for treatment of autoimmune 
10 diseases, such as RA. 

Such a gene delivery vehicle, which is an 
independently infectious vector; for example a virus or 
virus-derived vector, a liposome or a polymer, or the 
like, that in itself can infect or in any other way 
15 deliver genetic information to for example cells causing 
or involved in autoimmune diseases. 

The genetic information comprises a nucleic acid molecule 
encoding apoptin- like activity. The invention also 
provides a gene delivery vehicle that greatly has been 
20 increased in its capacity to express apoptin-like 
apoptotic activity. 

The gene delivery vehicle thus provided by the invention 
can for instance be an adenovirus, or a retrovirus, 
parvovirus or other DNA or RNA recombinant viruses that 

25 can be used as delivery vehicle or a plasmovirus. 

Additionally, the invention provides a gene delivery 
vehicle, which has also been supplemented with a specific 
ligand or target molecule or target molecules, by which 
the gene delivery vehicle can be specifically directed to 

30 deliver its genetic information at a target cell of 
choice. Such a target molecule can for instance be a 
viral spike protein, receptor molecule, or antibody 
reactive with a surface receptor or protein of cells 
related to autoimmune diseases . 

35 Also, the invention provides a gene delivery 

vehicle, which can be used in the diagnosis i.e. 
autoimmune diseases, such as RA. Such a gene delivery 
vehicle can i.e. be used for in vitro diagnosis, wherein 
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tissue or cell samples or biopsies are taken from a human 
or animal . Such samples can then be evaluated or tested 
by infecting them, in culture or directly, with said gene 
delivery vehicle capable of expressing i.e. apoptin-like 
5 activity. RA-related cells, such as fibroblast- like 
synoviocytes, or cells related to other autoimmune 
diseases will undergo apoptosis upon apoptin synthesis. 
Especially, when these cells are stimulated with growth, 
serum, cytokine factors and/or other factors inducing 
10 even more ' ggressive growth" of these cells. 

Alternatively, the nuclear location of apoptin in cells 
related with autoimmune diseases is another marker for 
diagnostic analysis of RA cells or cells, which are 
?f derived from other autoimmune diseases. The presence of 
mi5 apoptin can i.e. be demonstrated with classical (immuno) 
B histochemical techniques i.e. microscopically or with 
| automated cell sorting techniques. 

ij In particular, the invention relates to anti- 

3 autoimmune therapies. Treatment of cells related with 
320 autoimmune diseases will take place by e.g. expression of 
^ apoptin by means of direct infection of these cells with 
1^ gene delivery vehicles such as adenovirus vectors that 
□ contain a coding sequence for a protein with apoptin-like 
^ activity. Therefore, the invention in yet another 
25 embodiment provides gene delivery vehicles such as the 
adenovirus vector expressing apoptin, which is a potent 
anti-autoimmune agent. In addition, apoptin-expression in 
cells related with autoimmune disease will also 
indirectly cause cell death in those autoimmune-disease- 
30 related cells, which are not expressing apoptin. This so- 
called by-stander effect will improve the apoptin 
treatment of autoimmune diseases even more. 

Apoptin synthesis does not or at least not 
detectably or significantly induce apoptosis in normal 
35 healthy cells, indicating that the toxicity of in vivo 
treatment with recombinant -apoptin vehicles, such as the 
adenovirus vector regulating the apoptin synthesis, is 
low. 
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Expression of apoptin in cells, which are related to 
autoimmune diseases may also take place by infecting 
cells with other DNA and/or RNA- viral vectors, besides 
adenovirus vectors, that contain a coding sequence for 

5 apoptin, such as retroviruses or parvoviruses ( Lopez - 
Guerro et al., 1997). In addition, virus-derived vector 
systems, such as plasmoviruses (Noguiez-Hellin, 1996) can 
be used for the induction of apoptin- induced apoptosis in 
autoimmune-disease-related cells. 

0 The invention also enables the identification of the 

essential cellular factors playing a role in the 
development of autoimmune diseases such as RA. 

Diagnostic assay for (auto) immune proneness 

5 

The data presented in this report allow us to 
develop an assay to determine whether an individual with 
an unknown cellular /gene tic background, is prone for 
(auto) immune diseases compared to normal healthy persons. 

0 Normal diploid cells (such as FLS) from a (auto) immune - 
prone individual are insensitive to apoptin- induced 
apoptosis, but become so after stress- treatment , such as 
chemical, osmotic, heat, infectious, and/or irradiation, 
like UV- and X-rays. Below, an example of such a 

5 diagnostic assay is described based on the effect of an 
UV- irradiation . 

Primary cells (e.g. FLS) are isolated from the 
individual to be tested and cultured in a suitable 
medium. Next, the cells are irradiated with UV and 

0 subsequently transfected with a plasmid encoding apoptin, 
or the cells are first transf ected/inf ected and then 
irradiated. In parrallel, diploid cells from a normal 
healthy individual will be used as control. 

By using an indirect immunofluorescence assay based 

5 on apoptin-specific Mab's, the cells are analysed for the 
presence of apoptin in the nucleus and/or for undergoing 
apoptosis. If the percentage of cells undergoing 
apoptosis among the apoptin-positive UV-treated cells is 
significantly higher than the percentage of apoptosis in 
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UV-treated cells of a normal individual, this will be 
strong evidence that the individual from whom the cells 
are isolated, will be prone for (auto) immune diseases. 

The invention will be explained in more detail on 
the basis of the following experimental part. This is 
only for the purpose of illustration and should not be 
interpreted as a limitation of the scope of the 
protection. 

EXPERIMENTAL PART 

Cells and cell culture conditions 

Ad5 El -transformed human embryonic retina (HER) 
PER.C6 cell lines were grown in Dulbecco's modified Eagle 
medium (DMEM) supplemented with 10% fetal calf serum 
(FCS) in a 5% C02 atmosphere at 37o C. Cell line PER.C6 
was obtained from Fallaux et al. (1996). Cell culture 
media, reagents, and sera were purchased from GIBCO 
Laboratories (Grand Island, NY) . Culture plastics were 
purchased from Greiner (Nurtingen, Germany) . 

Synoviocytes were derived from a patient suffering 
rheumatoid arthritis (RA) . The cells were cultured in MDM 
medium containing 10% FCS. After adenoviral infection, 
the synoviocytes were cultured in MDM medium supplemented 
with 10% FCS or with 40% normal human serum. The 
synoviocytes were obtained from P. Goossens, Department 
of Rheumatology, Leiden University Medical Centre (LUMC) , 
Leiden, The Netherlands. 

Viruses 

The recombinant adenoviral vector AdMLPvp3 was used 
for the viral expression of apoptin (Pietersen et al . , 
1999) . The vector AdMLPvp3 contains the E1A enhancer 
linked to the adenovirus Major Late promoter (MLP) to 
drive the apoptin gene, which comprises the chicken 
anemia virus (CAV) -derived region (positions nt 427-868; 
Noteborn et al - , 1991). The recombinant adenoviral 
AdCMVLacZ was used as control adenovirus . AdCMVLacZ 
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carries the E.coli LacZ gene for beta-galactosidase under 
the control of the Cytomegalovirus enhancer/promoter 
(Pietersen et al., 1999). 

5 Virus techniques 

Plaque assays were performed, as described 
previously (Graham and Prevec, 1991) . Briefly, adenovirus 
stocks were serially diluted in 2 ml DMEM containing 2% 
horse serum and added to near-confluent PER. C6 in 6-well 

10 plates. After 2h incubation at 37o C f the medium was 
replaced by F-15 minimum essential medium (MEM) 
containing 0.85% agarose (Sigma, USA), 20 mM HEPES (pH 
7.4), 12.3 mM MgCl2, 0.0025% L-glutamine, and 2% horse 
serum (heat -inactivated at 56o C for 30 minutes) . 

15 Small-scale production of adenovirus lots was 

performed as described by Fallaux (1996) . Briefly, near- 
confluent PER. C6 monolayers were infected with 
approximately 5 plaque- forming units (pfu's) per cell, in 
phosphate-buffered saline (PBS) containing 1% horse 

20 serum. After 1 hour at room temperature, the inoculum was 
replaced by fresh medium (DMEM/2% horse serum) . After 48 
hours, the nearly completely detached cells were 
harvested, and collected in 1 ml PBS/1% horse serum. 
Virus was isolated from the producer cells by 3 cycles of 

25 flash-freeze/thawing. The lysates were cleared by 

centrifugation at 3000 rpm for 10 minutes, and stored at 
-20* C. 

The PER. C6 produced rAdV stocks were screened for 
the presence of recombinant -competent adenovirus by 

3 0 performing PCR analysis with primers derived from the Ad5 
ITR region (5 ' -GGGTGGAGTTTGTGACGTG-3 1 ) and the E1A 
encoding region ( 5 ' -TCGTGAAGGGTAGGTGGTTC-3 1 ) as described 
by Noteborn and De Boer (1995) using a Perkin Elmer PCR 
apparatus. The presence of a 600-bp amplified fragment 

35 indicates that replication- competent (El-region 

containing) adenovirus exists in the analysed virus stock 
(Pietersen et al., 1999). 
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Immunofluorescence and DAPI staining 

Indirect immunofluorescence was performed as 
described by Noteborn et al. (1990) . To demonstrate the 
presence of Apoptin and to establish its cellular 
5 localization in infected cells, the cells were fixed with 
80% acetone. The indirect immunofluorescence assay was 
performed with a 3-fold dilution of the mouse monoclonal 
antibody (mAb) CVI-CAV-111 . 3 for Apoptin and a 100-fold 
dilution of mAb LacZ (Boehringer Mannheim, The 

10 Netherlands) for beta-galactosidase . Fluorescein- 

isothiocyanate- labeled goat anti-mouse antibody (Jackson 
ImmunoResearch Laboratories Inc . , West Grove PA, USA) was 
used as second antibody. Nuclear DNA was stained with 1 
microgram per milliliter 2 , 4-diamino-2-phenylindole 

15 (DAPI), 2% 1,4 diazabicyclo[2,2,2] -octane (DABCO) in 
glycerol/0.1 M TrisHCl pH 8.0 (Telford et al., 1992). 



TUNEL assay 

Terminal-deoxynucleotidyl-transferase (Tdt) -mediated dUTP 
20 nick end labeling (TUNEL) was performed with the use of 
the in-situ cell death detection kit (Boehringer Mannheim, 
Germany) . Twenty- four hours after infection, cells were 
washed with PBS and fixed with 4% paraformaldehyde in PBS 
(pH 7.4) for 30 minutes at room temperature. After 
25 permeabilisation (0.1% Triton X-100, 0.1% sodiumcitrate , 
2 minutes at 4" C) cells were incubated with the TUNEL 
reaction mixture (containing f luorescein-labelled 
nucleotide polymers and terminal -deoxynucleotidyl 
transferase) for 1 hour at 37' C. After washing with PBS, 
30 the cells were analysed by fluorescence microscopy. 



Giemsa staining and beta-galactosidase assays 
For detection of the number of attached cells, cells were 
stained with Giemsa. After (mock) infection, the cells 
were washed twice with PBS and fixed in methanol : acetic 
acid (3:1) for 15 minutes at room temperature. For 30 
minutes, cells were incubated in a 3% Giemsa solution 
(Merck, Darmstad, Germany) in 1 mM Na2HP04, pH 7.0) at 
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room temperature. After staining, the cells were washed 4 
times with deionized water and allowed to dry by air. 
For detection of LacZ-encoded beta-galactosidase 
activity, cells in tissue culture were fixed 24 hours 
5 after infection in ice-cold 2% paraformaldehyde/0.2% 
glutaraldehyde solution, washed in ice-cold PBS 
(containing 2 mM MgC12) , and incubated in 3 ml of 
reaction mix (1 milligram per milliliter X-gal 
(Boehringer Mannheim, Germany) , 5 mM potassium 
10 ferrocyanide, 5 mM potassium f erricyanide, 2 mM MgC12 in 
PBS) at 37° C for 4-16 hours (Sanes et al . , 1986) . 



RESULTS AND DISCUSSION 



15 An in vitro model for the human autoimmune disease 

rheumatoid arthritis (RA) . 

To study possible therapeutic effects of synthesis 
of apoptin for RA patients, we have established an in 
vitro model for RA. To that end, fibroblast -like 

20 synoviocytes (FLS) from patient OH. suffering RA were 
isolated. The cells are cultured in ' non- stimulating 1 
medium containing fetal calf serum or in so-called 
•stimulating' medium, which contains 4 0% normal human 
serum. Especially, the latter medium contains cytokines 

25 and other stimulating factors, which closely resemble the 
RA situation in vivo. 

These 'stimulated' LFS mimic the RA conditions concerning 
another very important aspect. The aberrant growth of LFS 
in vivo and in vitro will cause secretion of various 

3 0 cellular factors stimulating their own cell growth and 
those of others (e.g. LFS) even more (Firestein, 1995). 
However, the (cultured) RA-related LFS have also 
undergone intrinsic genetic changes, which already makes 
them already different in comparison to normal healthy 

35 cells. 



Adenovirus vectors are very suitable for expression of a 
transgene in RA-related LFS. 
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At present the most efficient system to achieve the 
transduction of a transgene for the majority of cell 
types makes use of adenoviral vectors. These vectors have 
several advantages that make them particularly suitable 
5 for in vivo gene transfer. Recombinant adenoviral vectors 
can be grown to high titers, have the capacity to 
transduce non-mitotic cells, and do not integrate their 
genomes into host-cell DNA. Moreover, adenovirus vectors 
have already been applied for clinical gene-therapy 
10 trials. 

We have examined whether a recombinant -apoptin 
adenovirus vector might result in an efficient 
transduction of RA LFS cells. To that end, these LFS 
cells were infected with the replication-deficient AdLacZ 

15 vector (moi 50), which encodes the beta-galactosidase 
protein. Two days after infection, the LFS cells were 
fixed and analysed for beta-galactosidase synthesis. 
Approximately, 40% of the infected FLS were positive in 
the beta-galactosidase assay. In comparison to other cell 

20 types infected with recombinant adenovirus vectors 
expressing beta-galactosidase, this transduction 
percentage is high. 

Therefore, we conclude that an adenovirus vector is very 
suitable for producing transgenes in RA FLS. An example 
25 of an adenovirus vector suitable for the expression of 
apoptin is shown in Figure 1. 

Infection of serum-stimulated RA LFS with AdMLP-vp3 
results in a dramatic level of cell death. 

3 0 Next, we have determined the cytotoxic effect of 

apoptin synthesis in RA LFS. To that end, the cells were 
infected with the negative control virus AdLacZ, AdMLPvp3 
(both moi: 50) encoding apoptin or mock- infected. 
Subsequently, the cells were grown in ^non-stimulating' 

35 or 'stimulating' medium. Three and six days after 

infection, the cells were analysed for cell density by 
Giemsa staining. 
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Three days and six days after infection, the cells 
that were infected with recombinant adenovirus vector 
AdLacZ did not show a significant reduction in cell 
density, in comparison with those that were mock-treated. 
5 These data were observed for both the ' non- stimulating ' 
as well as the 'stimulating' medium conditions. 

On the other hand, the cell density in the dishes 
with RA FLS that were infected with the recombinant 
vector AdMLPvp3, however, was significantly reduced. 

10 Already, three days after infection {two days after 

•stimulation') the RA FLS almost all 'died'. The dishes 
that were not stimulated did not seem to have a 
significant reduction of cells caused by infection with 
AdMLP-vp3 . However, six days after infection, the amount 

15 of AdMLPvp3- treated cells was also significantly reduced 
compared with mock-treated RA FLS. The results of the 
experiments, showing the effect on the cell density of RA 
FLS cultures infected with AdLacZ, AdMLPvp3 or mock- 
treated at six days after infection, are shown in Figure 

20 2 . 

These results prove that apoptin synthesis 
specifically causes cell death in FLS, which are derived 
from a patient suffering the autoimmune disease RA. The 
infection of adenovirus vectors, as such, has no 

25 significant cytotoxic effect on RA FLS. Apoptin already 
has a moderate negative effect on the cell density of RA 
FLS, when they are grown under ' non- stimulating ' 
conditions. These data imply, that the RA FLS are 
different from human normal healthy cells, as has been 

30 suggested by Firestein (1995, 1997, 1998) and others 
(Breedveld, 1997) . This difference seems to be 
'recognized' by apoptin. 

The fact that apoptin has a more potent cell-killing 
effect when the RA FLS are serum-stimulated, indicates 
3 5 that apoptin becomes even more activated when the FLS 
start secreting various factors such as cytokines, 
chemokines, etc., which all have an enhancing effect on 
the cell proliferation (Firestein, 1997) leading to a 
more transformed- like status. 
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The results are even more interesting when one takes into 
account that AdMLP-vp3 infection causes apoptin 
production in approximately 30-40% of the RA-derived FLS 
(as determined by immunofluorescence analysis in parallel 
5 infected FLS cultures) , whereas almost all FLS are 

killed. Not only the apoptin-positive FLS, but also the 
apoptin-negative cells are killed. This result indicates 
that the AdMLPvp3 treatment has a by-stander effect. Most 
likely, a dramatic reduction of growth- stimulating and/or 
10 apoptosis -preventing factors, due to the apoptin- induced 
apoptosis will cause the death of the apoptin-negative 
cells too. 

We conclude that apoptin can induce cell death in RA FLS, 
15 which is even enhanced by exogenous and endogenous 

factors. These features imply that apoptin will be a 
therapeutic agent for curing RA and other autoimmune 
diseases . 

20 TUNEL analysis proves that apoptin synthesis mediated by 
AdMLP induces apoptosis in RA LFS. 

To characterize the nature of AdMLPvp3 -induced cell 
death, we visualized the presence of DNA strand breaks 
with the aid of the enzyme terminal deoxynucleotidyl 

25 transferase and Fitc-labeled dUTP (TUNEL assay) . RA FLS 
were infected either with AdMLP-vp3 or with AdLacZ and 
after 24 hours the cells were stimulated with 4 0% human 
serum. One day later, the cells were harvested and 
stained for the transgene to confirm similarity in 

30 transduction efficiencies and parallel -infected dishes 

were subjected to the TUNEL assay. Even though 4 0% of the 
RA FLS were expressing beta-galactosidase , only 
occasionally a single cell exhibited DNA breaks that 
could be detected by the TUNEL assay. In contrast, the 

35 frequency of TUNEL- positive cells after AdMLPvp3 
infection appeared to be in the same range as the 
frequency of Apoptin-positive cells after infection. 
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Therefore, we conclude that apoptin can induce 
apoptosis in cells, which have lost or reduced their own 
potential to undergo apoptosis. The fact, that apoptin 
can induce apoptosis in these RA LFS cells, indicates 
5 that apoptin treatment in vivo will cause a very low 
level of side effects such as inflammatory reactions. 

Nuclear localization of apoptin in human- serum- stimulated 
RA LFS . 

10 To examine, the cellular localization of apoptin in 

'stimulated' RA-derived FLS, the cells were infected with 
AdMLPvp3 for 1 day, serum-stimulated for an additional 
day and analysed by immunofluorescence using an apoptin- 
specific monoclonal antibody and DAPI- staining. 

15 Almost all apoptin-positive cells contained apoptin in 
the cellular nucleus. Already a high amount of apoptin- 
positive cells already contained aberrant bright DAPI 
structures, which are indicative of very late apoptotic 
conditions; namely condensed chromatin/DNA. These results 

20 again prove that apoptin synthesis results in the 
induction of apoptosis in RA FLS. 

Thusfar, all apoptin-sensitive cells for cellular 
conditions showed a nuclear localization of apoptin 
(Noteborn et al., 1998b). The presented data proves that 
25 the apoptin activity in RA FLS is also correlated with 
its nuclear localization. 

Infection of serum- stimulated LFS derived from two other 
EA patients with AdMLP-vp3 results in a dramatic level of 

30 cell death. 

To examine whether synthesis of apoptin results in 
induction of apoptosis in various RA patients, RA-related 
FLS have also been extracted from the RA patients 
designated and ^Lo*. The RA-related FLS derived from 

35 these RA patients have been obtained from the Department 
of Rheumatology, Leiden University Medical Center, 
Leiden, The Netherlands. 
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To that end, the LFS from the patients 'E' and 'Lo* 
were infected with AdMLPvp3 encoding apoptin, the 
negative control virus AdLacZ encoding the non-apoptotic 
protein beta-galactosidase (both moi: 50) or mock- 
5 infected. Subsequently, the cells were grown in 'non- 
stimulating' or 'stimulating' medium. Three days after 
infection (two days after serum stimulation) , the cells 
were analyzed for cell density by DAPI staining (Noteborn 
et al., 1998b). The "non-stimulated* as well as the 

10 'stimulated' cells that were infected with recombinant 

adenovirus AdLacZ did not show a significant reduction in 
cell density, in comparison with those that were mock- 
treated. 

In contrast, the cell density in the dishes with RA FLS 

15 derived from both patients *E" and 'Lo* that were 
infected with the recombinant vector AdMLPvp3 was 
significantly less. Already, the AdMLPvp3 -treated dishes 
that were not stimulated were less dense than the ones 
infected with AdLacZ or mock-treated. This effect was 

20 even more significant in the cases where the RA FLS had 
been 'stimulated* with 40% normal human serum. 
The obtained results of these experiments and the one 
based on RA FLS derived from patient OH, prove that 
apoptin synthesis specifically causes cell death in FLS, 

25 which are derived from various patients suffering the 

autoimmune RA. Infection of adenovirus vectors, as such, 
has no significant negative effect on the cell density of 
RA FLS . These features strengthens the above described 
statement that apoptin is a therapeutic agent for curing 

30 RA and other autoimmune diseases. 

Construction of the adenovirus vector AdApt -Apoptin . 

The adenovirus vector AdMLP-vp3 regulates the 
expression of the apoptin gene under the control of the 
3 5 adenovirus major late promoter (MLP) . The novel AdApt 
adenoviral vector contains the cytomegalovirus (CMV) 
promoter, which has also been optimally adapted to the 
helper cell line PER . CG . 
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To examine whether it is possible to produce apoptin by 
means of a adenovirus vector under the regulation of the 
CMV, we have constructed AdApt -Apoptin. 
To that end, the BamHI fragment from plasmid pCMV-vp3 
(Noteborn, 1996) containing the Apoptin -encoding 
sequences (Noteborn et al., 1991) was cloned into the 
BamHI site of the 6.1-kb transfer vector AdApt, which was 
obtained from IntroGene, Leiden, The Netherlands. By 
sequence analysis and restriction-enzyme digestions the 
correct orientation of the apoptin gene under the 
regulation of the CMV was determined. This transfer 
vector has been named pAdApt- Apoptin. As negative control 
adenovirus transfer vector the plasmids were selected, 
which contain the apoptin gene in the wrong orientation 
opposite to the CMV promoter and is named AdApt-AS. 
Next, recombinant adenovirus vectors expressing the. 
apoptin gene under the regulation of the CMV promoter 
were generated. In addition, also control adenovirus 
harboring the apoptin gene in the opposite orientation 
relative to the CMV promoter was made. To that end, 
PER.C6 cells (IntroGene, Leiden, The Netherlands) were 
co-transfected with the adenovirus vector plasmid 
P Ad5AlfII-ITR (E1-, E3+) and with the transfer plasmids 
pAdApt -Apoptin or pAdApt-AS. After the observation of 
cytopathogenic effects of the transfected PER.C6, the 
medium containing the recombinant adenovirus vectors were 
harvested and plaque-purified (Noteborn and Pietersen, 

1998) . The various plaque-purified recombinant adenovirus 
batches AdApt -Apoptin encoding the Apoptin and control 
vector AdApt-AS were examined by PCR-analysis for the 
presence of the Apoptin gene in the ^correct' versus 

^ wrong 1 orientation, respectively (Pietersen et al., 

1999) . All analyzed (in total for each vector type at 
least 10) recombinant adenovirus batches contained the 
expected apoptin gene. RCA analysis by means of PCR 
(Pietersen et al . 1999) revealed that in all analyzed 
batches no replication-competemt adenovirus was 
generated. Finally, the . production of apoptin protein by 
AdApt -infected human HepG2 cells was examined by means of 
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in-direct immunofluorescence using the monoclonal 
antibody 111.3 {Noteborn and Pietersen, 1998). The cells 
were almost all shown to produce apoptin protein and 
became very soon after infection apoptotic. This finding 
is indicative for the fact that the produced apoptin is 
completely active as an apoptotic inducer. As expected, 
all cells infected with AdApt-AS did not stain for the 
monoclonal antibody and did not become apoptotic. 
In conclusion, the fact that we are able to produce 
apoptin by means of various recombinant adenovirus 
vectors, either under the regulation of the adenovirus 
MLP or the CMV promoter, indicates that apoptin can be 
produced in any adenoviral vector without limiting the 
virus -vector production. 

Infection of " serum- stimulated' RA FLS, derived from the 
RA patient with AdApt-Apoptin resulted in a 

significant induction of cell death as has been described 
above for the AdMLP-vp3 recombinant adenovirus vector. 
Therefore, one can conclude that besides the recombinant 
adenovirus vector AdMLP-vp3 also other adenovirus vector 
expressing the apoptin gene such as the AdApt-Apoptin 
recombinant adenovirus can be used adenovirus vector as 
base for a therapy against autoimmune diseases such as 
RA. 

Diagnostic assay for auto- immune disease cells based on 
rAd- apoptin. 

A marker for autoimmune-disease-related cells is the 
responsiveness to apoptin- induced apoptosis. Especially, 
upon stimulation of these cells with factors related to 
auto- immune diseases, such as certain cytokines and 
growth factors, will result in programmed cell death 
induced by synthesis of apoptin. Furthermore, another 
marker is the cellular localization of apoptin, which is 
different for apoptin-sensitive cells related to auto- 
immune disease in comparison to normal healthy cells. 

By infecting cells with a vehicle expressing 
apoptin, such as a recombinant adenovirus regulating the 
synthesis of apoptin, and analyzing the apoptin cellular 
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localization and/or induction of apoptosis within these 
cells, one is able to prove whether a cell is derived 
from a patient suffering an autoimmune disese or not. 
Especially, upon (serum) -stimulation the nuclear apoptin 
5 location and induction of apoptosis will increase 
significantly. 

For instance, the cells are infected with an 
adenovirus expressing apoptin and in parallel with a 
control adenovirus, such as AdLacZ. The cells will be 

10 checked for apoptin in the cytoplasm or in the nucleus 
(autoimmune-related cells) by means of an e.g. 
immunofluorescence assay based on monoclonal antibodies 
specific for apoptin, such as 111.3 (Danen-Van Oorschot 
et al., 1998). In addition or instead of, the percentage 

15 of apoptotic cells will be estimated. 

If the percentage of apoptotic cells is significantly 
higher for cells synthesizing apoptin in comparison to 
cells containing an exogenous control protein, such as 
beta-galactosidase, these cells are derived from patients 

20 suffering an autoimmune disease. 

Diagnostic assay for the identification of factors 
causing auto-immune diseases 

Besides the intrinsic changes of autoimmune disease 

25 cells, the secretion of various factors by these cells 

and most likely by other (immune) cells will increase the 
severeness of the autoimmune disease, such as RA. 

Therefore, the above described diagnostic assay for 
the identification of cells related to autoimmune 

30 diseases, can also be used for the identification of 

factors, which cause and/or improve the ^aggressiveness' 
of cells causing clinical signs of RA or other auto- 
immune-diseases . 

Upon treatment with such a factor, cells such as human 
35 (RA) fibroblast -like synoviocytes, will undergo extensive 
apoptin -induced apoptosis and/or harbor apoptin in their 
nucleus . 
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Apoptin- induced apoptosis is indicative of transf ormed- 
like conditions within cells related to autoimmune 
diseases . 

The fact that apoptin can induce apoptosis in 
(•stimulate 1 ) RA FLS, indicates that these cells are in a 
transformed condition. Thusfar, apoptin was proven not to 
induce apoptosis in normal non- trans formed cells, which 
were from human or other mammalian origin (Danen-Van 
Oorschot et al., 1997, Noteborn et al., 1998b, Zhang et 
al., 1999)- These data are strenghtened by the fact that 
transgenic mice, expressing apoptin in various of their 
tissues, are looking normal. None of their organs seems 
to undergo enhanced apoptotis, due to synthesis of 
apoptin in their cells (Noteborn and Erkeland, 
15 unpublished results) . 

UV-induction of aberrant stress-related processes in 
normal non- transformed cells, derived from individuals 
with cancer-prone syndromes, however, enables apoptin to 
induce apoptosis in these cells (Zhang et al . , 1999) 
during a transient period. Apoptin does not induce 
apoptosis in UV-treated cells of healthy individuals. 
Apoptin can induce apoptosis rather moderately in RA FLS. 
For instance serum-stimulation of RA FLS increases the 
level of apoptin- induced apoptosis in i.e. RA FLS. It 
seems that these RA FLS are already different from normal 
healthy cells, but become even more aberrant 
(transformed) after 'stimulation'. These features 
resemble those described for the UV-treated cells derived 
from cancer-prone individuals (Zhang et al., 1999). In 
both cases, a cellular process has been changed, which 
under 'normal' conditions can be handled by the cell, but 
upon specific stimuli will result in aberrant cellular 
processes leading to the accelerated development of 
cancer or autoimmune diseases. 
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Rheumatoid FLS often appear and behave like normal 
fibroblasts, which has led to the notion that they 
respond to their environment rather than act as 
independent aggressors (being transformed) . However, some 
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fragmentary evidence has been provided that they also 
exhibit characteristics of transformed cells. For 
instance, adherence to plastic or extra-cellular matrix 
is generally required for normal fibroblasts to 
proliferate and survive in culture for prolonged periods 
of time. Transformed cells, however, can grow in 
suspension in semi-solid medium without contact with a 
solid surface. While FLS typically grow and thrive under 
conditions that permit adherence, they can, in some 
circumstances, proliferate in an anchorage -independent 
manner (Lafyatis et al . , 1989). Furthermore, the 
expression of several oncogenes such as c-myc has been 
reported for cultured FLS (Gay and Gay, 1989) . Higher 
endogenous release of growth factors such as tumor growth 
factor-beta and other cytokines have also been described 
for FLS (Bucala et al . , 1991; Remmers et al . , 1990; 
Geiler, 1994; Firestein, 1995 and 1995a). Also, in some 
cases non- functional tumor- suppressor p53 has been 
related with RA (Aupperle et al . , 1998) . Although mutant 
p53 is not an oncogene, it prevents induction of 
apoptosis by endogenous or exogenous agents other than 
apoptin. 

All these data indicate that FLS are irreversibly altered 
in RA and that an autonomous process allows them to 
remain activated even after removal from the articular 
inflammatory milieu (Firestein, 1995) . We have provided 
evidence that apoptin can recognize these transformed- 
like autoimmune conditions, which enables the 
identification of the cellular factors being important in 
such diseases. 
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DESCRIPTION OF THE FIGURES 

Figure 1 shows the diagrammatic representation of the 
essential parts of the recombinant adenovirus AdMLP-vp3, 
which contains the gene encoding apoptin, under the 
regulation of the adenoviral major late promoter. 

Figure 2 shows the schematic representation of the 
apoptin -induced cytotoxic effect in cultured fibroblast - 
like synoviocytes (FLS) derived from the synovium of a 
patient suffering from rheumatoid arthritis. 1.5 x 104 
cells were cultured in 24-well dishes for 24 hours, 
infected with recombinant adenovirus AdLacZ expressing 
beta-galactosidase (LacZ) , with AdMLP-vp3 encoding 
apoptin (Apoptin) or mock- infected (NON) . The FLS were 
grown under normal conditions (NST) or 1 day after 
infection, stimulated with 40% normal human serum (ST) 
inducing more aggressively growing FLS, which resembles 
the RA situation in vitro. Finally, six days after 

infection with adenovirus virus or mock- infection, the 
cell monolayers were fixed and stained with GIEMSA 
solution. (+: represents an amount of living/attached 
cells; -: means no surviving/attached cells 
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